In daily clinical practice melanocytic nevi are commonly encountered. Traditionally, both benign and malignant melanocytic tumors have been sub-classified by their histopathologic characteristics with differing criteria for malignancy applied to each group. Recently, many of the mutations that initiate nevus formation have been identified and specific sets of mutations are found in different subtypes of nevi. Whereas a single mutation appears sufficient to initiate a nevus, but is not enough to result in melanoma, specific combinations of mutations have been identified in some melanocytic tumors that are regarded to be of low biologic potential. The term "melanocytoma" has recently been proposed by the World Health Organization to describe those tumors that demonstrate genetic progression beyond the single mutations that are found in nevi but are not frankly malignant. Melanocytomas occupy intermediate genetic stages between nevus and melanoma and likely have an increased risk of malignant transformation as compared to nevi. This review provides an update on the broad spectrum of melanocytic nevi and melanocytomas and outlines their key histopathologic and genetic features.
Introduction
This review will provide an update on the classification of melanocytic nevi based on recent genetic discoveries, as well as introduce the new concept of "melanocytomas" as melanocytic tumors that are intermediate between nevi and melanoma in terms of genetic progression. It is hoped that this review will assist pathologists in correctly identifying subcategories of melanocytic nevi, understanding the new concept of "melanocytomas" and choosing ancillary tests when the categorization or classification is uncertain, ultimately improving diagnosis and stratification of tumors for further treatment.
Nevi
Nevi are benign melanocytic tumors that can be broadly divided into those that arise in utero (congenital) and those that are acquired after birth (acquired). A single oncogenic mutation within a melanocyte or melanocyte precursor initiates nevus formation with distinct initiating mutations corresponding to distinct histopathologic subtypes [1] [2] [3] [4] [5] . While this single oncogenic mutation leads to a period of clonal expansion, ultimately growth is inhibited by intact cellular safeguards. These cellular safeguards are disrupted by additional mutations in oncogenes and tumor suppressors during malignant progression [6] . The initiating oncogenic mutations define multiple distinct progression series from benign (nevi), intermediate (melanocytomas) to malignant (melanoma). We will first discuss acquired nevi followed by their congenital counterparts.
Acquired nevi

Common (conventional) nevi
Conventional or common nevi appear on the skin and uncommonly on the mucosa as small brown macules that may become raised over time. During their lifetime, an individual may develop tens to more than a hundred nevi. Typically appearing first in childhood, the number of nevi increases through the first three decades of life, and then decreases with age. There are genetic and environmental risk factors that lead to higher nevus counts and size. Genotypes associated with higher nevus count and size include those associated with decreased skin pigmentation, long telomeres, and cancer susceptibility (i.e. mutations in CDKN2A) [7, 8] . UV exposure, particularly intermittent UV exposure in childhood is associated with increased nevus counts [9, 10] . Higher nevus counts are associated with an increased risk of death from melanoma [11] .
Microscopically, common nevi contain small round melanocytes with uniformly staining nuclei and scant cytoplasm that may be entirely contained within the epidermis (junctional), located both within the epidermis and dermis (compound) or completely within the dermis (intradermal). Within the epidermis, melanocytes may be predominantly arrayed as nests or single cells (lentiginous pattern). Within the dermis, melanocytes may be limited to the superficial dermis or extend into the reticular dermis often surrounding adnexal structures. The latter distribution is referred to as the congenital growth pattern due to similarities with the distribution of melanocytes in congenital nevi. A key microscopic feature of common nevi is the presence of so-called "maturation" that refers to a decrease in melanocyte size, pigmentation, and the size of melanocyte aggregates with depth in the dermis. Common nevi at distinct anatomic sites may more commonly display microscopic features that can be worrisome for melanoma [12] . Nevi on the breast and flexures may have large and confluent junctional nests, limited pagetoid scatter, and superficial dermal fibrosis with a sparse inflammatory infiltrate [13, 14] . Nevi on the scalp, particularly in adolescents, may have large discohesive junctional nests that are irregularly distributed and extend into follicular epithelium. Limited pagetoid scatter and superficial dermal fibrosis may also be present [15] . Genital nevi may have a markedly irregular growth pattern within the epidermis, occasionally with marked confluence of atypical and hyperchromatic melanocytes and similar features may be seen in the superficial dermal component [16] . Some acral nevi demonstrate a lentiginous growth pattern with significant pagetoid scatter limited to their central portions ( Fig. 1) [17, 18] .
Common nevi typically harbor BRAF V600E mutations (~85%) with NRAS mutations present in a minority of cases [1] . The BRAF mutation affects one of two alleles in every melanocyte of the nevus, indicating that a nevus is the result of a clonal outgrowth of a single melanocyte that acquired the BRAF V600E mutation [3] . This concept can be confirmed by immunostaining with the VE1 antibody, specific for BRAF V600E that reveals the presence of this abnormality in each melanocyte of a BRAF-mutated nevus.
Spitz nevi
Spitz nevi appear as pink to red-brown, dome-shaped papules with sharply delimited edges, that have a predilection for the lower extremities [19] . These arise at an earlier age as compared to common nevi occurring most frequently in the first decade of life and then decrease in incidence with age [20] [21] [22] . In contrast to common nevi that typically display a slow evolution, Spitz nevi commonly have a short period of rapid growth over months before becoming stable in size [19] . The clinical differential diagnosis often includes verruca vulgaris or hemangioma. Fig. 1 Common acquired nevi at "special" anatomic sites. a Scalp nevus with large nests of melanocytes with pale cytoplasm in the epidermis above papillary dermal fibrosis. b Genital nevus with large irregularly shaped nests within superficial dermal fibrosis. c Acral nevus with scatter of single cytologically bland melanocytes into the spinous layer of the epidermis. Flecks of pigment are arrayed within a column above the crista limitans Basal cell carcinoma may be a clinical consideration in older patients. Genetic and environmental risk factors for Spitz nevus development have not been identified.
The presence of large spindled and/or epithelioid melanocytes is the defining histopathologic feature of Spitz nevi. When the epidermis is involved, Spitz nevi often show epidermal thickening with elongated rete ridges and hyperkeratosis. Epidermal nests of melanocytes may display clefts between the melanocytes themselves and from surrounding keratinocytes. The epidermis may contain Kamino bodies seen in hematoxylin and eosin stained sections as round to scalloped dull pink homogeneous aggregates. Almost half of Spitz nevi with an intraepidermal component contain Kamino bodies [19] . Importantly, Kamino bodies are not specific to Spitz nevi since they can also be seen in other types of nevi as well as melanoma. The scatter of melanocytes into the upper levels of the epidermis is a finding usually associated with the progression of nevi to melanoma but is not uncommon in Spitz nevi. First described as "juvenile melanoma" by Sophie Spitz in 1948 [23] , it is now established that Spitz tumors fall in a spectrum from benign to malignant, with many tumors previously included in the original series of "juvenile melanoma" reclassified as Spitz nevi.
The mutations identified to date in Spitz nevi are distinct and more diverse than those in common nevi. They include activating mutations of HRAS and rearrangements of receptor tyrosine kinases (ROS1, ALK, MET, NTRK1, NTRK3, RET, MERTK) or serine/threonine kinases involved in the MAPK pathway (BRAF, RAF1, MAP3K8) that lead to constitutive kinase activity [5, [24] [25] [26] [27] [28] [29] [30] . Spitz nevi with HRAS mutations typically gain an extra copy of chromosome 11p, resulting in an additional copy of the mutant HRAS allele. The copy number changes observed in other genetic subtypes of Spitz nevi are more variable as the kinase fusions that arise in Spitz nevi can involve a range of fusion partners and appear to arise as a consequence of different genetic mechanisms. When the kinase fusion is the result of a balanced translocation or inversion, copy number changes are not introduced as a byproduct. However, when the structural rearrangement is the result of an unbalanced translocation, deletion, tandem duplication, or even chromothripsis, copy number changes are introduced involving the chromosomes on which the rearranged genes reside. In our experience, copy number changes involving genomic regions near rearranged genes are not necessarily a sign of additional genetic progression and may be compatible with a diagnosis of Spitz nevus.
The expression of oncogenic kinase fusion genes is regulated by the promoter of the 5′ fusion partner. Given that many of the kinase fusion genes have a wide array of 5′ partners with the kinase itself typically on the 3′ end of the fusion gene, the kinase fusion genes may be expressed at different levels. In some Spitz nevi, there is subsequent gain of the fusion gene, similar to what is common for mutant HRAS, which results in copy number changes. While this leads to increased expression of the fusion kinase, it may not necessarily reflect an increased risk of progression.
The distinct oncogenic outputs of the different initiating oncogenes in Spitz nevi likely explains the phenotypic differences between genetic subtypes of Spitz nevi. Spitz nevi with HRAS mutations are typically limited to the dermis without involvement of the epidermis. They typically have a plaque like configuration with a broad flat profile ( Fig. 2a ). They are characterized by nests and cords of fusiform to polygonal melanocytes with abundant cytoplasm and vesicular nuclei that are interspersed between thickened collagen bundles ( Fig. 2b ). Common to all Spitz nevi, dermal mitotic figures are not unusual and can cause further concern for malignancy. Since they often lack a junctional component and do not show the epidermal hyperplasia and Kamino bodies characteristic of Spitz nevi, HRAS-mutated Spitz nevi may not be recognized and be mistaken for melanoma. In these cases, evaluation of the genomic copy number can be helpful as HRAS-mutant Spitz nevi typically demonstrate gain of the short arm of chromosome 11 but no other copy number aberrations (Fig. 2c ).
The majority of Spitz nevi are initiated by structural rearrangements resulting in kinase fusions. In contrast to other tumors initiated by structural rearrangements (i.e. chronic myelogenous leukemia with recurrent BCR-ABL translocations), the kinases that are rearranged are highly diverse. Not only are the kinase genes themselves diverse, but so are their range of fusion partners. This diversity likely accounts for the variable histopathologic features observed in Spitz tumors and contributes to their diagnostic difficulty. Nevertheless, when examining tumors that are initiated by fusions of a specific kinase, common histopathologic patterns begin to emerge. For example, ALKfused Spitz tumors have large junctional nests and elongated radially oriented fascicular nests ( Fig. 2d -f) [31] [32] [33] . NTRK1-fused tumors demonstrate filigree-like rete ridges and rosette-like structures [33, 34] .
Some of the kinases that are rearranged in Spitz tumors are not expressed in normal melanocytes (i.e. ALK and ROS1). When these fusions are present, immunohistochemistry using antibodies directed toward the kinase domain demonstrates staining in all the melanocytes of the Spitz nevus, demonstrating that the Spitz nevus is a clonal proliferation of a melanocyte transformed by the fusion. Other kinases are expressed in melanocytes (i.e. NTRK1 and NTRK3) but the expression level of the fusion gene is often markedly higher than that of the native kinase, and strong high intensity staining for the kinase domain of these proteins is predictive of the presence of a gene fusion.
Blue nevi
Blue nevi are named after their blue clinical appearance that is the result of pigmented dermal melanocytes and melanophages and the Tyndall effect. They typically occur as small round macules and papules on the face, scalp, and dorsal hands in an anatomic distribution that is distinct from common nevi. Blue nevi also occur internally, such as on the palate, cervix, and prostate. Genetic and environmental risk factors for blue nevus development have not been identified.
Common blue nevi are composed of sparsely distributed spindled pigmented melanocytes interspersed between collagen bundles and elastic fibers; often, the collagen bundles demonstrate sclerosis ( Fig. 3a, b ) [12] . Sometimes the spindled melanocytes have a periadnexal distribution. Cellular blue nevi have a second component that consists of pale ovoid melanocytes arrayed in nests and fascicles ( Fig. 3c, d ). The melanocytes within blue nevi have a uniform appearance, regardless of their depth within the dermis and thus lack so-called "maturation". A significant number of melanophages are typically present within a blue nevus, although hypopigmented forms may occur.
Blue nevi harbor oncogenes that activate the G alpha q pathway. Activating mutations in GNAQ are the most common initiating mutation in blue nevi with activating b Nests and cords of fusiform melanocytes are positioned between thickened collagen bundles within the dermis. c The genomic copy number profile demonstrates gain of chromosome 11p, as is typical of HRAS-mutant Spitz nevi. d ALK-fused Spitz nevus with a domed surface and large nests in the superficial dermis. e On higher magnification, the fascicular nests typical of ALK-fused Spitz nevus can be appreciated. f The melanocytes of the ALK-fused Spitz nevus display strong uniform expression of the kinase domain of ALK by immunohistochemistry. g On higher magnification, the fascicular configuration of the nests is highlighted mutations in its homolog GNA11 present in a minority of blue nevi [2, 4, 35] . More recently, activating mutations in CYSLTR2 and PLCB4 which encode proteins that function upstream and downstream of GNAQ and GNA11 in the G alpha Q pathway, respectively ( Fig. 3e ), have also been identified in a small subset of blue nevi [35, 36] . These mutations occur in a mutually exclusive pattern with only one initiating mutation present in each nevus. Mutations that activate the G alpha q pathway in blue nevi are also found in melanocytic tumors of the uveal tract and leptomeninges. The uveal tract typically contains dendritic melanocytes that are not associated with epithelium. Thus, G alpha q pathway activating mutations may transform a distinct set of melanocytes that are not associated with epithelium [37] .
Dermal melanocytoses
Dermal melanocytoses present on the skin or mucosal surfaces as light, evenly colored patches with shades of blue, green, gray, and brown. They may be confused with bruising. More common in Asians, most present at birth (discussed with congenital nevi below) but they may also arise in adulthood. Environmental risk factors for dermal melanocytosis development have not been identified.
Microscopically, dermal melanocytoses contain pigmented dendritic melanocytes within the dermis but more sparsely distributed than in blue nevi and with only rare melanophages [12] . Some dermal melanocytoses occur as a consequence of the acquisition of a GNAQ or GNA11 activating mutations within a melanocyte or melanocyte precursor [2, 4] . Thus, they have overlapping features with blue nevi but differ in their clinical presentation as large faintly pigmented patches and the sparser distribution of melanocytes within them.
In some cases, dermal melanocytoses involve tissues innervated by particular nerve distributions. For example, the nevus of Ota affects tissues innervated by the ophthalmic (V1) and maxillary (V2) distributions of the trigeminal nerve and the nevus of Ito affects tissues innervated by the acromioclavicular nerve. Other nerve distributions may also be affected. Nevus of Ota may involve the sclera, choroid, and mucosal membranes of the nose, mouth, and ear and is rarely associated with leptomeningeal melanocytosis [38] . Dermal melanocytoses that arise along nerve distributions suggest that they may arise due to somatic mutation in a nerve-derived melanocyte precursor. Therefore, what distinguishes dermal melanocytoses from blue nevi may be the cell of origin. Occasionally, dermal melanocytoses may contain foci with increased melanocytes in a periadnexal distribution, resembling blue nevi. Further investigation into the cell of origin or the spectrum of initiating mutations in GNAQ, GNA11, CYSLTR2, and PLCB4 may help determine what distinguishes blue nevi from dermal melanocytosis.
Congenital nevi
Congenital nevi arise during development as a result of an in utero oncogenic initiating mutation within a melanocyte precursor. Typically present at birth, they may also present in infancy, presumably due to darkening or expansion of neoplastic melanocytes present at birth.
Common congenital nevi
sWe introduce here the term common congenital nevus to specifically refer to congenital nevi that contain NRAS or BRAF hotspot mutations, since there are other distinct and less common types of congenital nevi without these aberrations (discussed below). Most common congenital nevi present as brown to black papules and plaques with variegated coloration, a rugose surface and hypertrichosis, characterized by long terminal hairs. Estimated to occur in 0.6-1.5% of the population [39] , large or giant congenital nevi are defined as those that involve > 6% of the patient's total body surface area or exceed 20 cm in diameter [40, 41] . Approximately 1 in 20,000 newborns are affected by large or giant congenital nevi that can result in significant functional impairment and disfigurement. Smaller common congenital nevi often cannot be distinguished from common acquired nevi except by their clinical history. In a single study, black ethnicity was associated with an increased risk of congenital nevi [40] . Other genetic and environmental risk factors for common congenital nevus development have not been identified.
Microscopically, common congenital nevi are composed of small round melanocytes that resemble those that form a common nevus. They may be junctional or compound with a dermal component often extending into the deep dermis and into the deep subcutis or fascia. Dermal melanocytes often assume a periadnexal distribution. Most large and giant congenital nevi contain NRAS Q61 mutations (~80%) with a minority harboring the BRAF V600E mutations that predominate in smaller congenital nevi [42, 43] . We have theorized that the initiation of a melanocyte earlier in its development leads to a larger congenital nevus, suggesting that melanocyte precursors at earlier stages of development may be more susceptible to transformation by acquisition of NRAS mutation than BRAF mutation.
Smaller "satellite" nevi can be numerous and widely distributed in the skin distant from large or giant congenital nevi. These satellite nevi harbor the same initiating mutation as the central nevus, indicating that they derive from the same transformed clone of melanocytes but separate from the main tumor during development. Congenital nevi are clinically staged based on their size, the presence of satellite nevi, involvement of other organ systems such as the CNS, and other clinical features [41] . This risk of melanoma development within a congenital nevus likely reflects the number of partially transformed melanocytes, each with a small likelihood of progressing to melanoma. Large and giant common congenital nevi carry a lifetime risk of melanoma that ranges from 2.5% to 8%.
Congenital nevi with Spitz nevus mutations
Nevus spilus or speckled lentiginous nevus presents at birth as a light tan patch. Papules develop within the tan patch over time that may become raised. HRAS mutations have been identified in nevus spilus, with copy gain of chromosome 11p harboring the mutant HRAS allele present within the papules that develop within the lesion [44] .
Rearrangements of the genes coding for the BRAF, RAF1, and ALK kinases have been reported in congenital nevi [45] [46] [47] . The kinase fusion genes are similar to those that occur in Spitz nevi, but the histopathologic features of congenital nevi with Spitz nevus initiating mutations and their natural history has yet to be determined.
Congenital blue nevi
Congenital blue nevi are rare, with only a few cases having been reported in the literature [48] [49] [50] [51] . They are reported to present as deeply pigmented patches and plaques, commonly on the scalp. Their histology is similar to that of acquired blue nevi, and they often display areas of cellular blue nevus, characterized by fascicles of fusiform melanocytes. They may involve deep bony structures of the central nervous system [52] [53] [54] [55] [56] . Notably the GNAQ and GNA11 mutations that are typical of blue nevi are also found in primary melanocytic tumors that arise in the leptomeninges [57] .
Congenital dermal melanocytoses
Congenital dermal melanocytoses commonly present over the lumbosacral area in a symmetric distribution. This pattern is more common in Asian, African, and Native American populations, and was previously referred to as "Mongolian spot" since at the time of its original description, it was thought to be limited to Asian populations. Congenital dermal melanocytosis over the lumbosacral area occurs in greater than two-thirds of newborns in some ethnic populations but typically resolves by puberty. These cases do not appear to reflect a neoplastic process that is initiated by somatic mutation, since it would be unlikely to occur in a large fraction of certain populations at a specific anatomic site. Likewise, the diffuse dermal melanocytosis that is associated with lysosomal storage diseases or mucopolysaccharidoses may not be a neoplastic condition.
However, some congenital dermal melanocytoses do not self-resolve and are more likely to represent neoplasms. Ectopic or aberrant congenital dermal melanocytoses, which occur at sites other than the lumbosacral area, are most common on the extremities, upper back or chest, may be particularly large or deeply pigmented and are less likely to resolve. Nevus of Ota and nevus of Ito may also present at birth and do not self-resolve.
Congenital nevi with associated vascular proliferations
Congenital nevi can be seen in combination with vascular proliferations in the condition termed phakomatosis pigmentovascularis [58, 59] . BRAF, NRAS, GNAQ, and GNA11 mutations can initiate congenital and acquired vascular neoplasms as well as melanocytic neoplasms [60] [61] [62] . At least in some cases, the same initiating mutation has been identified in both the melanocytic and vascular birthmark, suggesting that phakomatosis pigmentovascularis is a clonal process with two distinct lines of differentiation, perhaps arising due to a mutation in a multipotent stem cell.
Melanocytomas
Some tumors that were classified as nevi or melanocytic tumors of low or uncertain biologic potential are now known to harbor multiple pathogenic mutations. In addition to mutations that activate the MAPK pathway, a key signaling pathway in melanocytic neoplasia altered in nevi, they harbor additional mutations that affect other biological processes and lead to phenotypic changes. Because these tumors have multiple driver mutations, they have been reclassified as melanocytomas, either low-grade or highgrade in the most recent WHO Classification of Skin Tumors to indicate that they may carry a higher risk of malignant transformation [63] . As the risk of progression of melanocytomas is not well characterized, we will discuss them as a single group, keeping in mind that they will likely be later segregated into lower and higher risk categories. Many melanocytomas arise within a preexisting nevus, due to the acquisition of a secondary pathogenic mutation in a single melanocyte which leads to subclonal outgrowth and distinct histopathologic features resulting in a so-called "combined" nevus. Further studies are needed to determine their risk for transformation and optimal clinical management.
Pigmented epithelioid melanocytomas (PRKAR1Ainactivated melanocytomas)
Pigmented epithelioid melanocytoma was proposed as an entity in 2004 to describe low-grade melanocytic tumors that are composed of a mixture of epithelioid and spindled melanocytes and are heavily pigmented with many interspersed melanophages [64] . In its initial description, pigmented epithelioid melanocytoma included epithelioid blue nevus associated with Carney complex and animal-type melanoma.
Carney complex is a genetic syndrome that is associated with an increased number of epithelioid blue nevi and is due to germline inactivating mutations in the alpha 1 regulatory subunit of protein kinase A (PRKAR1A). PRKAR1A is expressed in other melanocytic tumors, but is lost in most pigmented epithelioid melanocytomas as demonstrated by immunohistochemistry [65] . The clinical course appears benign, despite subclinical deposits in the sentinel lymph nodes of almost a third of patients [66] . Recent genetic studies demonstrated that tumors classified as pigmented epithelioid melanocytoma by their histopathologic features are genetically diverse [67, 68] . Notably, some harbored BRAF V600E mutations and bi-allelic inactivation of the tumor suppressor PRKAR1A [69] . In some of the remaining tumors, only a single oncogenic alteration was identified (such as GNAQ, MAP2K1 mutation, or PRKCA fusion) and these tumors may represent blue or other types of nevi.
Moving forward, we propose that the term PRKAR1Ainactivated melanocytoma, be used to refer specifically to those tumors with PRKAR1A inactivation in addition to an initiating mutation, such as BRAF V600E. This term would replace the term epithelioid blue nevus to describe the melanocytic tumors associated with Carney complex. We restrict the use of the term blue nevus to refer to tumors that harbor mutations in the G alpha Q pathway; the tumors that arise in Carney complex typically do not harbor G alpha Q activating mutations but do demonstrate loss of the wildtype PRKAR1A allele in combination with an initiating mutation such as BRAF V600E. Given their new genetic definition, further work to detail the features of PRKAR1Ainactivated melanocytoma will be needed to determine if these tumors have characteristic features that separate them from other deeply pigmented tumors.
Deep penetrating melanocytomas (beta-cateninactivated melanocytomas)
The deep penetrating nevus was first described by Helwig and colleagues at the Armed Forces Institute of Pathology (AFIP) in 1989 [70] . Almost a third of their series consisted of cases that had previously been diagnosed as melanoma. Clinically, these tumors appear as dark brown or blue papules, often distributed on the head, neck, and trunk. Deep penetrating nevi consist of loosely organized nests of melanocytes with vacuolated pigmented cytoplasm and vesicular nuclei that often descend deeply into the reticular dermis, sometimes with a bulbous lower border ("dumbbell shaped" pattern). There are typically many melanophages and lymphocytes within and around the nests of melanocytes. Notably, a decrease in melanocyte size and pigmentation and the size of melanocytic nests does not occur with increasing depth within the dermis and this lack of "maturation" can raise concern for melanoma. Tumors with components resembling deep penetrating nevus and common nevus are not uncommonly encountered in clinical practice and are often accompanied by a clinical history of a dark area appearing within a pre-existing nevus.
Due to the presence of many dermal melanophages and their lack of maturation, deep penetrating nevus was considered by some to be closely related to blue nevus. Others considered deep penetrating nevus more closely related to Spitz nevi as they are both composed of enlarged melanocytes with epithelioid cytomorphology. Deep penetrating nevi are not genetically related to blue nevi as they do not harbor activating mutations in the G alpha Q pathway. Instead, deep penetrating nevi have activating BRAF, MAP2K1, or less commonly HRAS mutations that activate the MAPK pathway and thus in most cases are related to common acquired nevi. Deep penetrating nevi are characterized by concomitant genetic activation of the beta-catenin pathway, most commonly due to missense mutations in CTNNB1 [71] . An alternative genetic mechanism of beta-catenin activation is inactivation of the tumor suppressor APC, which has been observed in a few cases of deep penetrating nevi that do not harbor CTNNB1 mutation. Notably, the one reported case with activating CTNNB1 and HRAS mutations demonstrated overlapping features of DPN and HRAS-mutant Spitz nevus. Thus, beta-catenin activation characterizes deep penetrating nevus, and due to the presence of more than a single pathogenic mutation these tumors have been tentatively reclassified as deep penetrating melanocytomas and typically belong to the common nevus progression series.
The genetics also explains so-called "combined nevi" with a deep penetrating melanocytoma component. These tumors have also been referred to as inverted type-A or clonal nevi and are often accompanied by a clinical history of a black area arising within a pre-existing nevus [72, 73] . When a single melanocyte of a common nevus acquires an activating CTNNB1 mutation, there is clonal expansion of that melanocyte with acquisition of the cellular phenotype of deep penetrating melanocytoma. However, the deep penetrating melanocytoma component may not extend into the deep dermis. Instead of using the term "combined" nevus to describe these lesions which does not allude to their genetic relationship, we currently refer to these lesions as deep penetrating nevus/melanocytoma, arising within a common acquired nevus. Perhaps in the future the field will adopt the term beta-catenin-activated melanocytoma, to better capture the genetic mechanism at work and recognize that many tumors with the same genetics and cytomorphology do not extend deeply into the dermis.
Deep penetrating melanocytomas demonstrate a distinct pattern of beta-catenin expression, whether they are observed in isolation or within a common acquired nevus (Fig. 4) . By immunohistochemistry, the melanocytes of show high levels of cytoplasmic beta-catenin expression and occasionally strong nuclear beta-catenin expression. Notably, the levels of beta-catenin within melanocytes is uniform in deep penetrating nevus. By contrast, in common nevi, beta-catenin levels are increased in melanocytes near the epidermis or around adnexal epithelium.
While for the most part, deep penetrating melanocytomas have a benign biologic behavior, rare cases have been reported to result in metastasis and death even after consensus diagnosis by a panel of experts [71, 74] . Genetic analysis of two melanoma metastases from such cases demonstrated additional genetic alterations beyond the typical mutations that lead to MAPK and beta catenin pathway activation, indicating further transformation occurred [71] . Thus, genetic analysis may be helpful for further classifying unusual beta-catenin-activated tumors.
BAP1-inactivated melanocytomas
BAP1-inactivated nevi/melanocytomas harbor bi-allelic inactivation of the tumor suppressor BAP1 in combination Fig. 4 Deep penetrating (beta-catenin activated) nevus/melanocytoma. a Low power view shows extension of the melanocytoma into the reticular dermis with melanocytes extending around adnexal structures. b Characteristic cytology is apparent at higher magnification. The melanocytes have moderate amounts of vacuolated and lightly pigmented cytoplasm and slight nuclear pleomorphism. They are arrayed in oval to fusiform nests with a somewhat plexiform pattern. There are scattered melanophages. c Beta-catenin immunohistochemistry demonstrates strong cytoplasmic (and nuclear) staining of the melanocytes. The staining is uniform throughout the melanocytoma. d A superficial focus of beta-catenin-activated melanocytoma arising within a congenital pattern common acquired nevus, low power view. e Beta-catenin immunohistochemistry shows intense cytoplasmic (and nuclear) staining of fusiform nests of melanocytes. In contrast, within the common acquired nevus the superficial melanocytes show patchy positivity and melanocytes deeper in the reticular dermis show little positivity. f High power view demonstrates two intermixed populations of melanocytes with those of the beta-catenin-activated melanocytoma showing features similar to those in b and adjacent small round melanocytes with scant, pale cytoplasm. g The two populations of melanocytes show distinct patterns of beta-catenin expression with activating BRAF or NRAS mutation [75] [76] [77] . Clinically, they appear as tan, pink or flesh colored dome-shaped papules, sometimes arising within a pre-existing brown flat nevus. The BAP1-inactivated melanocytoma is characterized by epithelioid melanocytes with glassy amphophilic cytoplasm and eccentrically placed nuclei. There is considerable variability in cell and nuclear size. The cellular plasma membranes appear distinct and there is often a permeative lymphocytic infiltrate (Fig. 5 ). In the majority of cases, dermal mitoses are present, sometimes even in the deeper portions of the tumor [78] . In most cases, BAP1 inactivation occurs by a truncating mutation in BAP1 with loss of the wild-type allele. This may be due to loss of a portion of chromosome 3p, loss of the entire short arm of chromosome 3, or loss of chromosome 3. Immunohistochemistry for BAP1 typically demonstrates loss of nuclear BAP1 expression. However, this assay may not be fully sensitive for BAP1 inactivation because while BAP1 is commonly inactivated by a truncating mutation, pathogenic missense mutations may occur instead, and these would be expected to result in expression of BAP1 protein with impaired function. Copy loss of BAP1 involving part or all of chromosome 3 is typical and can be a clue to the diagnosis. Similar to deep penetrating (beta-catenin activated) melanocytomas, BAP1-inactivated melanocytomas may arise within a common acquired nevus.
In our experience, BAP1-inactivated melanocytomas are encountered less frequently than deep penetrating (beta-catenin activated) melanocytomas, and this likely reflects both the concerning clinical appearance of deep penetrating (beta-catenin activated) melanocytomas prompting biopsy, as well as the fact that beta-catenin activated melanocytomas typically harbor a single additional activating mutation (CTNNB1 mutation) instead of the two additional alterations (mutation of BAP1 followed by loss of the wild-type allele) in BAP1-inactivated melanocytomas and thus may be more prevalent. Germline pathogenic mutations in BAP1 result in a cancer predisposition syndrome, with increased risks of cutaneous and uveal melanoma, renal cell carcinoma, mesothelioma, and other cancers [79] [80] [81] . Patients with a germlineinactivating mutation of BAP1 may have multiple BAP1inactivated melanocytomas.
Prior to the identification of BAP1-inactivation in these tumors, they were thought to be in the Spitz category, and often designated as halo Spitz nevi [82] or atypical Spitz tumors [78, 83] . It is now clear that while they contain epithelioid melanocytes, they are not genetically related to Spitz nevi. The biologic potential of BAP1-inactivated melanocytomas appears low-grade, with most, in our experience, not recurring after biopsy. In contrast, tumors in the blue nevus category with inactivation of BAP1 are highly worrisome for blue nevus like melanoma.
Atypical spitz tumors (melanocytomas)
Historically, the term atypical Spitz tumor has been used to describe tumors with spitzoid cytomorphology that were not clearly benign or malignant. These tumors have a high rate of dissemination to the draining lymph nodes (as determined by sentinel lymph node biopsy), but typically have c BAP1-inactivated melanocytomas are characterized by epithelioid melanocytes with pale pink cytoplasm, well-defined cellular membranes and nuclear pleomorphism. Some nuclei are eccentrically located within melanocytes benign biologic behavior without clinical recurrence [84, 85] . In the most recent WHO classification of skin tumors, the definition of Spitz tumors has been revised to include only tumors that contain the initiating oncogenes of Spitz nevi. Thus, moving forward, atypical Spitz tumors will no longer include tumors with BRAF or NRAS-activating mutations, which are present in a subset of atypical Spitz tumors as defined by cytomorphology [86] [87] [88] .
Additional genetic alterations that have been identified in Spitz tumors (in addition to Spitz nevus initiating mutations) include homozygous deletion of CDKN2A, TERT promoter mutations, structural rearrangements in the regulatory regions of TERT and copy number losses and gains [89] [90] [91] . In an initial study, a Spitz tumor with BRAF rearrangement and TERT promoter mutation was lethal [90] and additional studies are needed to further determine the prognostic significance of TERT promoter mutations and loss of CDKN2A in Spitz tumors. In melanocytic tumors initiated by BRAF or NRAS mutation, isolated CDKN2A loss or TERT promoter mutation can arise early in genetic progression, before full malignant transformation [92] .
The management of atypical Spitz tumors has shifted from the routine use of sentinel lymph node biopsy which often resulted in upstaging to a diagnosis of melanoma and adjuvant therapy when tumor was identified in the sentinel node to conservative management with re-excision if feasible. Despite this shift, the diagnosis of atypical Spitz tumor still causes a great deal of consternation, particularly when made in a young child. It is likely that as we learn more about the histopathologic features and natural history of Spitz nevi initiated by different oncogenes, many Spitz tumors that are currently classified as atypical Spitz tumors may be recategorized as Spitz nevi. Additional studies are needed to determine reasonable genetic and histopathologic definitions for atypical Spitz tumors (Spitz melanocytomas) and their associated biologic potential.
Melanocytomas in common congenital nevi
A number of secondary growths can develop within common congenital nevi. Neuroid overgrowths are slowly growing soft nodules that develop slowly over years [93] . They typically blend in with the surrounding common congenital nevus, and it is not known whether they harbor additional genetic alterations. Proliferative nodules grow rapidly and may ulcerate, clinically mimicking melanomas. In some cases, they consist of hypercellular nodules of melanocytes, often with enlarged and hyperchromatic nuclei and occasionally with numerous mitotic figures and necrosis. Despite the presence of alarming clinical and histopathologic features, proliferative nodules follow a benign course in contrast to melanomas that arise within congenital nevi that have a poor prognosis. Proliferative nodules often demonstrate losses and gains of entire chromosomes, in contrast to common congenital nevi that typically do not demonstrate copy number alterations [93, 94] . This finding indicates that proliferative nodules are subclonal outgrowths with additional genetic alterations. Copy number analysis can be helpful for distinguishing proliferative nodules from melanoma because losses and gains of subchromosomal regions are characteristic of melanoma but not proliferative nodules [94] . Specific driver mutations beyond those found in nevi have not been identified in proliferative nodules. Proliferative nodules do not display the distinctive histopathologic features of deep penetrating or BAP1-inactivated melanocytoma, both Fig. 6 Genetic classification of nevi, melanocytomas, and melanomas. A single initiating mutation is found in nevi, with different initiating mutations corresponding to different subtypes. Combinations of mutations occur in melanocytomas which often arise from pre-existing nevi. Melanomas on skin with high amounts of chronic sun-damage (high-CSD) and acral and mucosal melanomas often do not arise from a preexisting nevus of which have been reported to arise within congenital nevi [95, 96] .
Discussion
In this review we have discussed the clinical, histopathologic and genetic features of various subtypes of acquired and congenital melanocytic nevi, as well as the new genetically defined concept of melanocytoma. Acquired nevi arise by the acquisition of a single oncogenic mutation within a melanocyte or melanocyte precursor after birth; their congenital counterparts result from acquisition of the same oncogenic mutation in a melanocyte or melanocyte precursor during development. All the initiating nevusassociated mutations we have discussed here activate the MAPK pathway, highlighting the central importance of this pathway in melanocytic neoplasia.
In our new paradigm of tumor classification, there are multiple pathways of genetic progression to melanoma (Fig. 6 ). The common acquired nevus is part of the lowchronic sun damage pathway with UV radiation exposure contributing the nevus formation. The melanocytomas that arise within this pathway harbor secondary mutations that activate protein kinase A (PRKAR1A-inactivated melanocytoma) or the beta-catenin pathway (deep penetrating or betacatenin-activated melanocytoma) or perturb the epigenetic state of the genome (BAP1-inactivated melanocytoma). The presence of a common nevus adjacent to one of these melanocytomas indicates that the nevus-initiating mutation occurred first with one of the melanocytes of the common nevus later acquiring additional mutation(s) which drove a second wave of subclonal expansion. Melanocytomas do occur in the absence of a common nevus suggesting that the non-MAPK pathway-activating mutation(s) may sometimes occur first. It is possible that these non-MAPK pathway-activating mutations do not result in a clinically detectable melanocytic tumor, but when the mutated melanocyte subsequently acquires a tumor-initiating MAPK pathway activating mutation, a clinically detectable tumor develops. Melanocytomas can also develop from nevi in other pathways of melanoma development, including Spitz nevi and congenital nevi.
Our clinical experience with the melanocytomas discussed in this review is that they have benign or low-grade biologic behavior. Based on their genetics, we expect that they have an increased risk of malignant transformation as compared to their nevus counterparts but their absolute risk of transformation is not established and it is unclear if it is high enough to justify routine re-excision to prevent persistence. The secondary alterations in these melanocytomas span only a small fraction of the known oncogenic mutations that occur in cutaneous melanoma. Additional genetic study of diagnostically challenging melanocytic tumors, such as dysplastic nevi, may reveal additional categories of melanocytomas, perhaps even those with activation or disruption of more than two biologic pathways. The biologic potential of various categories of melanocytomas needs to be determined by careful clinical observational studies in order to guide optimal patient management.
